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SUMMARY 

The  effects  of  slipstream  on  longitudinal  stability,  spray  and 
elevator  effectiveness  are  deduced  from  tests  on  four  configurations  of  the 
basio  model  of  the  series  which  differed  only  in  aerodynamic  details. 

It  was  found  that  m  general  increases  in  thrust  coefficient 
improved  longitudinal  stability,  spray  characteristics  and  elevator 
effectiveness.  A  method  of  applying  the  detailed  results  to  the  stability 
limits  of  other  models  of  the  series  is  outlined. 
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1.  INTRODUCTION 


In  this  report  results  are  given  of  tests  made  to  determine  the 
effects  of  slipstream  on  the  hydrodynamic  longitudinal  stability  and  spray 
characteristics  of  Model  A,  the  basic  model  of  the  series  detailed  in  Reference 

1,  a  list  of  which  is  reproduced  in  Table  I.  Full  details  are  given  in  this 
reference  of  the  considerations  affecting  the  design  of  the  models,  but  it  may 
be  mentioned  here  that  Model  A  has  a  length/beam  ratio  of  11  (the  fore body 
being  6  beams  in  length  and  the  afterbody  5  beams) ,  an  afterbody  to  forebody  keel 
angle  of  6°  and  a  straight  transverse  step  with  a  step  depth  of  0.15  beams;  it 
has  no  forebody  warp,  no  effective  afterbody  warp  and  no  step  fairing.  The 
differences  between  the  configurations  used  in  the  present  tests  are  purely 
aerodynamic,  the  hull,  tail  unit  and  basic  mainplane  being  identical  in  each 
case.  The  hull  lines  of  the  model  are  given  in  Figure  1  and  photographs  of 

the  four  test  configurations  (which  are  described  below)  are  given  in  Figure  2; 
relevant  hydrodynamic  and  aerodynamic  data  are  given  in  Tables  I  and  II 
respectively.  The  techniques  used  in  the  tests  and  the  presentation  of  results, 
together  with  the  reasons  for  using  them,  are  considered  in  References  1  and  2, 
though  a  brief  summary  is  given  below. 

The  configurations  tested  may  be  described  briefly  as  being 

( il  with  take-off  power, 

( iiO  with  fairings  replacing  propellers, 

( iii)  with  propellers  windmilling,  and 
( iv)  with  full  span  leading  edge  slats(and  no  propellers,  fairings  or 
nacelles) 

Results  of  tests  on  the  first  three  of  these  configurations,  all 
fitted  with  nacelles,  show  the  general  effects  of  slipstream  on  the  stability  and 
spray  characteristics  of  a  high  length/beam  ratio  hull,  while  comparison  of  these 
results  with  those  of  the  last  configuration3  (the  standard  test  configuration) 
enable  the  slipstream  characteristics  to  be  related  to  the  models  of  the  main 
series.  Tests  with  slipstream  were  not  made  on  eaoh  model,  in  order  to  save 
testing  time. 

2.  DETAILS  OF  TEST  CONFIGURATIONS 


The  following  details  of  the  test  configurations  are  given  both  for 
oonvenienoe  and  to  amplify  the  information  in  Reference  1,  and  a  gonereOLview  of 
each  configuration  is  given  in  Figure  2. 

( i)  With  take-off  power 

The  l/l5  scale  Sunderland  mainplane,  common  to  each  model  of  the 
series,  was  fitted  with  four  turbine-propeller  units;  the  turbines  were 
Mk.IIb  compressed  air  turbines  (Reference  20)  and  the  propellers  were 
0.795  ft.  in  diameter.  Leading  edge  slats  were  fitted  outboard  of 
the  outer  nacelles,  the  arrangement  being  shown  in  some  detail  in 
Figure  1  of  Reference  1.  The  units  were  supplied  with  compressed  air 
at  constant  pressure  to  give  take-off  thrusts  of  the  right  order  f or 
this  type  of  hull.  The  resulting  variation  of  thrust  with  speed  is 
shown  in  Figure  11  of  Reference  1  and  the  thrust  coefficient  (Tc)  - 
speed  relationship  is  given  in  Figure  5  of  the  present  report.  The 
mean  thrust  line  was  inclined  upwards  at  5°  9'  to  the  hull  datum 
(tangent  to  forebody  keel  at  step)  and  its  distanoe  from  the  G.G, 
measured  normal  to  the  thrust  line  was  0.28  ft.  The  pitching  moment 
of  inertia  of  the  model  in  this  configuration  was  23.25  lb.  ft.^. 

( ii)  With  propellers  windmilling 

This  configuration  was  exactly  the  same  as  ( i) ,  except  that  no  air 
pressure  was  supplied  to  the  turbines. 
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( iii)  With  fairings 

In  this  configuration  the  propellers  and  turbines  of  ( i)  were  removed; 
dummy  engines  (weights)  were  placed  inside  the  nacelles  to  maintain 
the  pitching  moment  of  inertia  at  23.25  lb.  ft.2  and  fairings  were  fitted 
in  place  of  the  propellers. 

( iv)  With  full  span  slats 

In  this  case  the  turbines,  propellers  and  nacelles  of  ( i)  were  removed, 
the  compressed  air  outlets  to  the  turbines  were  plugged  and  pared  down 
to  leave  a  anooth  wing  leading  edge  and  full  span  leading  edge  slats 
were  fitted;  a  good  view  of  the  wing  in  this  state  is  given  in  Figure 
2  of  Reference  1.  This  wing  configuration  is  the  standard  one  and 
was  used  throughout  the  main  investigation  for  the  routine  tests  on 
each  model;  the  results  of  such  tests  on  Model  A  are  reported  in 
Reference  3»  The  reduced  pitching  moment  of  inertia  of  Model  A 
with  full  span  slats  was  22.90  lb.  ft.2. 

3.  asscRiPTior  or  tsSlS 


3» 1.  General 


All  tests  were  made  with  a  load  coefficient  of  2.75?  one  C.G.  position, 
zero  flap  and  at  steady  speeds  only. 

3. 2.  Lift 


Lift  runs  were  in  general  made  at  constant  fixed  speed  with  the  model 
clear  of  the  water,  over  a  range  of  attitudes  withr)=  0°.  A  limited  number  of 
runs  was  made  at  different  speeds  to  check  Reynolds  dumber  effects,  and  the 
effect  of  elevator  was  determined  at  four  attitudes.  In  the  case  with  take¬ 
off  power  the  whole  procedure  was  repeated  at  three  additional  speeds  to  determine 
the  effect  on  lift  of  changes  in  thrust  coefficient.  The  resulting  curves  for 
each  configuration  are  given  in  Figures  La  to  4d. 

3»3*  Longitudinal  Stability 

Longitudinal  stability  tests  were  made  by  towing  the  model  from  the 
wing-  tips  on  the  lateral  axis  through  the  centre  of  gravity,  the  model  being 
free  in  pitch  and  heave.  The  value  of  the  elevator  setting  was  selt.oted  before 
each  run,  and  the  model  towed  at  constant  speed.  The  angle  of  trim  was  noted 
in  the  steady  condition,  and  if  the  model  proved  stable  at  the  speed  selected 
it  was  given  nose-down  disturbances  to  determine  whether  instability  could  be 
induced,  the  amount  of  disturbance  given  to  cause  instability  being  in  the  range 
of  0  -  10°  except  in  the  case  of  tests  with  fairings  when  the  maximum  disturbances 
were  limited  to  5°*  (The  tests  on  Model  A  with  fairings  were  made  before  the 
maximum  disturbance  technique  was  decided  on  and  it  was  not  practical  to  repeat 
them.)  The  motion  was  classed  as  unstable  whenever  the  double  amplitude  of 
porpoising  was  greater  than  2°.  The  stability  limits  built  up  by  these  methods 
together  with  th6  corresponding  trim  curves  are  given  for  e ach  configuration  in 
Figures5a  to  6d.  The  limits  are  compared  on  a  Cv  base  in  Figure  7,  on  a  V*Ca/Cv 
base  in  Figure  8  and  they  are  plotted  with  elevator  angles  as  ordinates  in 
place  of  keel  attitudes  in  Figure  9»  The  load  coefficient  curves,  which  are 
necessary  for  the  transposition  to  aV^'^/Cv  base,  are  given  in  Figures  10a  to  lOd 
and  trim  curves  forr]  =  0°  are  compared  in  Figure  16. 

3»4»  Spray  and  yake  Formation 

Photographs  were  taken  of  the  spray,  from  three  different  positions, 
over  a  range  of  speeds  and  with  elevators  set  at  -8°.  A  number  of  these 
photographs  are  reproduced  in  Figures  12a  to  12c  for  the  configurations  with 
take-off  power,  with  propellers  windmilling  and  with  fairings;  similar  photographs 
for  the  configuration  with  full  span  slats  are  given  in  Reference  3»  They  have 
been  used  to  determine  the  projections  of  the  spray  envelopes  on  the  plane  of 
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syrnnetry  of  the  model  for  the  different  configurations,  and  these  projections 
are  plotted  in  Figure  13.  This  method  of  plotting  differs  from  that  originally 
proposed  (Reference  1)  but  it  is  felt  to  be  more  realistic.  The  absence  of 
projections  orthogonal  to  these,  which  cannot  be  obtained  from  the  photographs, 
is  not  serious  since  the  photographs  enable  the  positions  of  the  spray  blisters 
to  be  judged  qualitatively,  and  in  any  case  the  curves  are  intended  for  comparison 
purposes  rather  than  for  absolute  measurements.  It  should  be  noted  that  in 
plotting  the  projections  velocity  spray  has  in  general  been  ignored. 

In  addition  to  the  spray  photographs,  photographs  of  the  wake  region 
for  all  configurations  except  that  with  fairings,  were  taken  from  two  different 
positions  and  are  reproduced  in  Figures  11a  and  lib  for  the  take-off  power  and 
propellers  windmilling  cases  respectively;  those  for  the  case  with  full  span 
slats  are  given  in  Reference  3.  ~  These  photographs  covered  a  range  of  speeds  and 
elevator  settings,  the  combinations  being  selected  to  give  the  maximum  possible 
variation  of  wake  formation  and  position  relative  to  the  afterbody  in  the  staole 
planing  region. 

3.5.  Elevator  Effectiveness 

Curves  of  elevator  effectivenesscalculated  from  the  longitudinal 
stability  diagrams  are  given  in  Figures  14a  to  14d  and  compared  in  Figure  15* 

4.  DISCUSSION 

4.1.  Lift 

As  differences  between  the  configurations  are  such  as  to  affect  primarily 
the  aerodynamics  of  the  model,  the  lift  characteristics  and  the  state  of  flow 
over  the  wing  are  briefly  considered  below.  It  may  be  remembered  that  the  lift 
curves  were  used  in  the  calculation  of  load  coefficients,  which  in  turn  were 
used  in  the  'transposition  of  the  stability  limits  to  a  Vff^/Cy  base,  so  air 
peculiarity  in  the  lift  characteristics  will  be  reflected  throu^iout  the  sequence. 

It  should  also  be  noted  that  the  curves  have  been  plotted  on  a  keel  attitude  base 
so  as  to  be  directly  applicable  to  the  stability  diagrams;  wing  incidence  is 
6°  9'  greater  than  keel  attitude. 

The  lift  curves  with  take-off  power  (Figure  4a)  show  an  increasing 
tendency  to  regularity  as  the  thrust  coefficient  is  decreased;  at  Tc^  9»4  the 
points  are  disorderly  and  only  the  curve  forri=  0°  has  been  drawn,  while  at  .'.q  = 

0.4  a  clear  indication  of  the  effect  of  elevator  is  given.  As  planing  is  not 
established  until  about  Cy  =  4»5»  however,  only  the  curves  for  Tq  <  <i.0  are 
significant  in  the  present  context  and  the  transposed  stability  limits  should  be 
fairly  acourate.  The  airflow  past  the  wing  will  probably  be  mixed;  at  the  tips 
it  should  be  laminar  over  much  of  the  chord,  the  slats  preventing  breakaway  and 
delaying  transition,  while  behind  the  propeller  discs  nonnal  slipstream  conditions 
will  exist. 

The  lift  curves  with  propellers  windmilling  (Figure  4b)  are  peculiar 
in  that  the  curve  fom=  0°  is  of  greater  slope  and  reaches  higher  lift 
coefficients  than  do  the  curves  for  the  other  elevator  settings.  The  loss  of 
lift  with  elevator  may  be  due  to  inefficiency  of  the  tailplane  at  other  than 
the  zero  elevator  setting,  as  a  result  of  the  retarded  flow  through  the 
propellers,  or  to  elevator  changes  affecting  the  flow  over  the  mainplane. 

(Subtraction  of  tailplane  lift  (as  measured  with  no  slipstream,  Reference  1)  for 
T1  =  0°  at  <xk  =  8°  and  10°  would  give  lift  coefficients  of  0.97  and  1.00  respectively, 
thereby  putting  the  curve  in  place  within  the  set.  The  tailplane  lift  curve  is 
given  in  Figure  12  of  Reference  1).  It  should  be  noted  that  this  configuration 
may  be  considered  as  one  with  negative  thrust  and  there  may  therefore  be  a 
variation  of  the  lift  characteristics  with  thrust  coefficient  for  T,,  <0.  _his 
should  be  small,  however,  and  the  transposed  stability  limits  should  be  reasonably 
correot. 
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The  lift  curves  with  fairings  (Figure  4c)  clearly  indicate  transition 
and  associated  breakaway  21 ,  22.  The  flow  over  the  wing  is  thus  in  a  critioal 
state  and  likely  to  be  affected  by  anall  changes  in  Reynolds  Fumber.  The  associ¬ 
ated  load  coefficients  oan  therefore  only  be  of  the  right  order  and  the  accuracy 
of  the  transposed  stability  limits  will  suffer  accordingly. 

The  lift  curves  with  full  span  slats  (Figure  4d)  are  regular  and 
accurate;  this  is  the  result  of  laminar  flow  being  maintained  with  little 
breakaway  over  the  whole  wing  span  by  means  of  the  leading  edge  slats  and  there 
should  be  little  error  in  the  corresponding  transposition. 

4.2.  Longitudinal  Stability 

The  effects  of  slipstream  on  the  longitudinal  stability  characteristics 
of  Model  A  may  be  determined  from  a  detailed  study  of  the  individual  stability 
diagrams,  but  it  is  more  convenient  to  make  separate  comparisons  of  the  limits 
and  the  trim  curves. 

Both  undisturbed  and  disturbed  stability  limits  are  compared  on  a  C 
base  in  Figure  7.  If  the  curves  for  the  case  with  full  span  slats  be  neglected 
initially,  the  other  three  cases  -  take-off  power,  fairings  and  propellers  windmill¬ 
ing,  taken  in  that  order  -  constitute  a  set,  viz;  positive,  zero  and  negative 
thrust  cases  respectively  and  illustrate,  as  well  as  the  general  effects  of 
slipstream,  the  effects  on  the  limits  of  a  progressive  reduction  in  thrust 
coefficient.  In  the  undisturbed  case  these  are  to  increase  both  the  speeds 
and  attitudes  at  which  the  limits  are  encountered.  At  low  attitudes  the  lower 
limits  converge  and  at  high  attitudes  there  is  a  minor  exception  to  the  foregoing 
rule  in  the  case  with  propellers  windmilling,  but  this  is  not  significant.  In 
the  disturbed  case  the  same  type  of  pattern  can  be  seen,  although  it  is  modified 
slightly  because  of  the  different  limits  involved.  (it  may  be  remembered  that 
the  disturbed  limit  for  the  case  with  fairings  was  obtained  with  only  5° 
disturbance.  The  part  of  the  limit  drawn  should  only  be  altered  slightly  by 
the  application  of  the  maximum  disturbance  technique^  however,  and  may  thus  be 
usefully  included  in  this  comparison).  The  progressive  movement  of  the  limits 
up  the  speed  scale  with  decrease  of  T0  is  much  greater  than  in  the  undisturbed 
case,  while  the  attitude  changes  are  about  the  same. 

By  comparing  individually  the  undisturbed  and  disturbed  limits  for  each 
thrust  case,  the  changes  in  disturbance  effects  following  general  variations  in 
thrust  coefficient  can  be  ascertained.  With  positive  thrust  or  take-off  power 
the  effects  of  disturbance  are  to  double  the  vertical  band  of  instability  found 
across  the  take-off  path  without  disturbance  and  to  raise  the  high  speed  part  of 
the  lower  limit,  with  zero  thrust  or  fairings  the  disturbance  effects  are  greater 
the  vertical  band  being  more  than  doubled,  while  in  the  negative  thrust  case 
disturbance  causes  the  onset  of  instability  over  almost  the  whole  of  the  planing 
speed  range;  there  is  thus  a  rapid  worsening  of  disturbance  effects  with  decrease 
in  thrust  coefficient.  This  means  that  during  landing  an  aircraft  is  far  more 
susceptible  to  disturbance  than  during  take-off.  (it  is  felt  that  this 
conclusion  is  a  general  one  and  is  not  peculiar  to  this  hull  f oim.) 

The  limits  obtained  with  full  span  slats  lie  in  general  with  the  limits 
for  the  cases  with  propellers  windmilling  and  fairings,  away  from  those  obtained 
with  take-off  power.  They  are  better  discussed  however,  in  relation  to  the  other 
limits,  wjien  plotted  on  a  V fi^/Cy  base  (Figure  8)  which  relates  waterborne  load 
to  speed  i.e.  which  accounts  directly  for  changes  in  lift  and  indirectly  for 
changes  in  pitching  moment  when  these  may  be  likened,  as  in  the  present  case,  to 
a  change  in  elevator  setting.  The  object  of  these  tests  with  respect  to  the 
full  span  slat  configuration  is  to  assess  the  magnitude  and  character  of  the 
changes  effected  by  take-off  power  and  windmilling  propellers  in  the  case  of 
models  of  this  series.  The  effects  in  the  case  of  Model  A  are  readily  observed 
from  Figures  7  and  8;  their  application  to  the  other  models  is  considered  below. 
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The  hulls  concerned  are  of  the  same  family,  differing  only  in  the 
hull  parameter  under  investigation,  and  differences  in  loading  and  trim  are  taken 
account  of  by  the  method  of  plotting.  It  follows  that  any  difference  between  the 
magnitude  of  the  slipstream  effects  for  Model  A  (Figure  8)  and  those  for  any 
other  model  of  the  series  will  be  due  entirely  to  the  effect  of  the  hull  para- 
meter  which  has  been  varied  in  going  from  one  model  to  the  other;  in  ether  words 
to  some  ancillary  effect.  The  magnitude  of  this  effect  may  of  course  be  affected 
by  the  specific  values  of  the  hull  parameters  which  are  the  same  for  the  two  models. 
Where  such  ancillary  effects  are  small  therefore  the  effects  of  slipstream  and 
windmilling  propellers  may  be  taken  to  be  the  same  as  in  the  case  of  Model  A. 

For  instance,  the  lower  undisturbed  stability  limits  for  most  of  themodels  with 
unwarped  forebodies  collapse  on  that  for  Model  A  viien  plotted  on  a  VCa/Cv  base 
the  secondary  effects  are  therefore  small  and  slipstream  effects  will  be  sensibly 
the  same  in  eaoh  case.  Upper  limit  changes  will  have  to  be applied  with  discretion 
and  only  the  general  nature  of  the  effects  can  be  considered  in  the  disturbed 
case.  It  is  felt  that  with  a  suitable  redefinition  of  hull  attitude  the  foregoing 
will  also  apply  with  small  error  to  the  warped  forebody  cases. 

It  is  interesting  to  note  that  in  Figure  8  the  limits  for  the  cases 
with  full  span  slats  and  propellers  windmiiling  foiro  a  set  which  is  separated 
from  the  remainder,  which  form  another  set,  and  that  the  general  pattern  of  the 
undisturbed  limits  is  reflected  in  some  detail  in  the  arrangement  of  disturbed 

limits. 

The  plots  of  stability  limits  with  elevator  angles  replacing  keel 
attitixles  as  ordinates  in  Figure  9  are  given  mainly  for  information.  _  It  may 
be  noted  however,  that  in  the  undisturbed  case  the  lower  limits  obtained  with 
take-off  power  and  windmilling  propellers  are  separated  from  those  for  the  full 
span  slat  case  by  negative  and  positive  amounts  of  elevator  respectively.  This 
is  consistent  with  the  representation  of  the  additional  thrust  moments  by  a  change 
in  elevator  setting,  but  the  idea  cannot  be  taken  far,  without  consideration  of 
differences  in  elevator  efficiency  and  in  the  actual  stability  limits. 

The  effects  of  slipsteam  on  trim  are  shown  in  Figure  16,  where  the 
curves  for  n  =  0°,  which  have  been  taken  as  typical,  are  compared.  As  would 
be  expected  they  lie  in  order,  the  highest  attitudes  being  reached  on  the  trim 
curves  with  the  lowest  forward  thrust,  and  this  inverse  relationship  is  preserved 
throughout  the  take-off  speed  range.  The  spaoing  of  the  curves  is  almost 
constant  over  the  planing  speed  range,  but  it  should  be  noted  that  while  the 
increase  in  attitude  with  decrease  in  thrust  is  progressive,  it  varies  with  spee 
and  is  non-linear.  Comparison  of  other  trim  curves  shows  that  the  inverse 
variation  of  trim  with  thrust  coefficient  is  found  at  all  elevator  settings,  but 
the  spacing  of  the  curves  varies,  the  distribution  being  more  even  at  high  values 
of  elevator  angle  and  less  so  at  low  values. 

The  trim  curves  for  the  cases  with  fairings  and  full  span  slats  in 
Figure  16  lie  together,  indicating  that  only  a  small  amount  of  drag  is  obtained 
from  the  faired  nacelles. 


4.3.  Wake  Formation 

As  the  photographs  of  the  wake  regions  are  of  representative  rather 
than  specific  oases  they  can  only  be  compared  individually  in  isolated  instances, 
that  is  when  speeds  and  attitudes  are  approximately  equal.  Where  this  can  be 
done,  which  is  in  the  full  span  slat  and  windmilling  propellers  cases  only,  there 
are  no  noticeable  differences  in  wake  characteristics. 

Taken  as  groups,  the  photographs  give  the  same  general  impression  in 
eaoh  case,  there  being  no  major  differences  between  the  configurations.  With 
take-off  power,  however,  the  flow  at  the  lower  speeds  does  appear  to  be  more 
broken  than  in  the  other  cases,  but  this  effect  is  not  well  defined. 


/  Although 


-9- 


Although  no  photographs  were  taken  of  flow  in  the  wake  region  in  the 
oase  with  fairings,  it  is  felt  that  such  jhotograjhs  would  not  differ  appreciably 
from  those  for  the  full  span  slat  configuration. 

4«4»  Spray. 

The  effects  of  slipstream  on  spray  are  best  considered  by  adopting  the 
method  used  in  the  comparison  of  longitudinal  stability  limits.  Neglecting 
initially  therefore  the  full  span  slat  case  and  considering  the  spray  photographs 
for  the  conf igurations  with  take-off  power,  fairings  and  windmilling  propellers 
respectively  the  effects  on  spray  of  a  progressive  reduction  in  thrust  coefficient 
can  be  seen  at  each  speed. 

In  general,  with  reduction  of  thrust  coefficient  there  is  an  increase 
in  the  height  of  the  spray  blister  and,  while  with  zero  thrust  there  is  an 
unbroken  and  apparently  undisturbed  blister,  in  the  cases  with  positive  and  nega¬ 
tive  thrust  the  spray  is,  or  tends  to  be,  sucked  into  the  propellers  and  broken 
up.  These  points  are  illustrated  in  the  photographs  for  individual  speeds. 

Those  for  Cv  =  1  are  of  little  consequence  as  in  the  negative  thrust  configuration 
at  this  speed  friction  in  the  system  is  preventing  the  propellers  from  turning. 

At  Cv  =  2  the  relative  heights  of  the  spray  profiles  can  be  clearly  seen 
together  with  the  raising  and  breaking  of  the  blister  in  the  positive  thrust  case. 

At  Cv  =  3  in  the  case  with  negative  thrust  there  appears  to  be  a  suction  at  some 
distance  behind  the  propeller  plane,  which  distorts  and  raises  the  blister,  while 
with  positive  thrust  the  suction  occurs  either  in  the  propeller  plane  or  just  in 
front  of  it.  Photographs  for  the  higher  speeds  are  not  quite  so  instructive, 
except  perhaps  for  the  rear  views  at  Cv  =  4.  The  relative  positions  of  the  spray 
profiles  are  clearly  shown  here,  but  that  for  the  positive  thrust  case  is  dis¬ 
turbed  just  below  the  wing  trailing  edge  and  indicates  depression  by  the  slipstream. 

It  should  be  noted  that  as  in  the  negative  thrust  case  the  propeller 
drag  is  a  function  of  the  forward  speed  and  the  thrust  coefficient  will  probably 
vary  only  a  small  amount,  and  as  in  the  positive  thrust  case  the  thrust  coeffic¬ 
ient  varies  greatly  at  low  speeds,  the  separation  of  the  three  sets  of  photographs 
in  terms  of  thrust  coefficient  will  vary  with  speed,  being  most  uneven  at  the 
lowest  speed,  and  this  should  be  borne  in  mind  when  examiningthe  photographs. 

The  projections  of  the  envelopes  of  the  spray  profiles  in  Figure  13 
show  the  decrease  in  spray  height  with  increase  of  thrust  coefficient,  except 
at  high  values  of  Cx  where  the  positive  thrust  curve  rises  across  the  others. 

This  is  undoubtedly  due  to  the  reduction  in  attitude  and  consequent  movement 
forward  of  the  spray  origin  which  occurs  at  low  speeds  with  positive  thrust. 

4.5.  Elevator  Effectiveness 


The  comparison  of  curves  of  mean  elevator  effectivenss  (Figure  15) 
shows  that  with  a  progressive  general  increase  in  thrust  coefficient  there  is 
an  increase  in  mean  elevator  effectiveness  and,  except  in  the  case  with  positive 
thrust,  the  effect  is  sensibly  constant  over  the  planing  range  of  speeds;  with 
positive  thrust  the  increase  in  effectiveness  with  speed  is  reduced  at  the 
higher  speeds.  The  curve  for  the  full  span  slat  configuration  lies  a  little 
above  that  for  the  case  with  fairings. 

In  considering  these  curves  it  should  be  noted  that,  at  a  given  speed, 
an  increase  in  thrust  coefficient  will  have  two  main  effects  viz:  the  load  on 
water  will  be  reduced,  which  effect  by  itself  will  produce  an  increase  in  elevator 
effectiveness4,  and  the  efficiency  of  the  elevators  and  tailplane  will  be  improved 
when  they  are  in  the  accelerated  flow  of  the  slipstream.  It  would  appear 
however,  from  the  nature  of  the  change,  that  neither  of  these  effects  is  the 
cause  of  the  rather  sudden  decrease  in  slope  of  the  positive  thrust  curve  at  Cv  =  7» 
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It  is  probable  that  the  large  nose  down  moment  obtained  with  positive  thrust 
has  caused  such  a  general  reduction  in  trim  that  an  effective  lower  limit,  in 
the  form  of  high  opposing  hydrodynamic  moments,  has  been  reached  and  this 
limit  has  caused  a  flattening  of  the  lower  trim  curves  with  a  consequent 
reduction  in  trim  range  for  a  given  speed  i.e.  a  reduction  in  mean  elevator 
effectiveness.  The  effect  can  be  seen  in  Figure  5a*  where  the  lower  trim 
curves  show  a  decrease  in  slope  at  speed  coefficients  greater  than  7. 

A  comparison  of  the  relevant  load  coefficients,  on  a  basis  of  either 
constant  elevator  angle  (11=  -8°)  or  attitude  (a^  =  8°),  shows  that  at  the 
higher  speeds  the  loads  on  water  obtained  with  positive  thrust  are  about  half 
those  obtained  with  negative  thrust,  and  while  as  would  be  expected,  the  case 
with  slats  lies  in  between  these  two,  that  with  fairings  gives  the  greatest 
loads  at  all  planing  speeds.  These  high  water  loads  with  fairings  are  a 
direct  result  of  the  loss  of  lift  with  transition  and  associated  breakaway 
and,  as  they  constitute  the  major  difference  between  this  and  the  full  span 
slat  configuration  (both  are  zero  thrust  cases)  elevator  effectiveness 
should  be  slightly  greater  at  all  speeds  with  slats  than  with  fairings,  udiich 
in  fact  it  is.  The  low  values  of  elevator  effectiveness  obtained  with 
negative  thrust  are  lower  than  the  corresponding  decrease  in  load  would  indicate 
it  is  suggested  that  the  further  loss  of  effectiveness  is  due  to  the  ineffic¬ 
iency  of  the  elevators  and  tailplane  mentioned  in  Section  4*1« 

5.  CQT'CLUSIOFS 


The  tests  made  show  that  the  application  of  take-off  power  results 
in  a  general  improvement  in  both  the  stability  and  spray  characteristics  of 
a  high  length/beam  ratio  hull.  The  detailed  effects  of  a  progressive  and 
general  increase  in  thrust  coefficient  are 


(i)  to  reduce  both  the  speeds  and  attitudes  at  which  stability  limits 
without  disturbance  are  met, 


( ii)  to  reduce  both  the  speeds  and  attitudes  at  which  stability  limits 
with  disturbance  are  met,  the  decrease  in  speed  being  much  greater 
than  in  ( i)  , 


(ui) 


to  increase  resistance  to  disturbance, 


( iv)  to  reduce  trim  throughout  the  take-off  range  of  speeds,  the  reduction 
being  much  greater  in  the  planing  than  in  the  displacement  range  of 
speeds , 


(v)  to  lower  the  spray  blister  generally,  which  results  in  a  lower 
spray  envelope  except  at  very  low  speeds  and 


(a)  with  increase  in  Tc  from  zero,  to  raise  the  blister  locally 
near  the  propeller  plane  with  the  spray  sheet  ultimately 
being  broken  and  sucked  into  the  propellers  and, 

(b)  with  increase  in  Tc  to  zero,  to  reduce  the  local  distortion  of 
the  spray  sheet  behind  the  propeller  plane  until  at  T0  =  0  the 
undisturbed  blister  is  obtained, 


(vi)  to  increase  elevator  effectiveness  and 

(vii)  to  reduce  the  elevator  setting  at  which  lower  limit,  undisturbed 
instability  is  encountered. 
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The  above  conclusions  can  be  applied  to  obtain  a  fair  idea  of  the 
effects  of  slipstream  on  the  stability  and  spray  characteristics  of  any  model 
of  the  present  series.  A  better  estimate  can  be  made  however)  in  the  case 
of  stability  limits  only,  by  plotting  the  limits  on  a  V(5^/Cv  base  together 
with  those  f or  Model  A  in  the  corresponding  configuration;  where  a  collapse 
is  obtained  the  results  for  Model  A  can  be  applied  directly.  This  will  occur 
mainly  in  the  case  of  the  lower  limit  vdthout  disturbance,  leaving  the  upper 
limit  without  disturbance  and  the  disturbed  limit  cases  to  be  interpreted  in 
the  light  of  the  general  conclusions. 
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beam  of  model 

lift  coefficient  =  L/g-pSV2  (L  =  lift,  p=  air  density) 
velocity  coefficient  =  v/Vgb 

load  coefficient  =  ^/wb3  (a  =  load  on  water  and 
w  =  weight  per  unit  volume  of  water) 

load  coefficient  at  V  =  0 

longitudinal  spray  coefficient  =  x/b 

lateral  spray  coefficient  =  y/b 

vertical  spray  coefficient  =  z/b 

|^(x,y,z)  co-ordinates  of  points  on  spray  envelope  relative 
to  axes  through  step  point 

J 

gross  wing  area 
velocity 
keel  attitude 
elevator  setting 

o  o 

thrust  coefficient  =  T/ov  d  (T  =  thrust, 
d  =  propeller  diameter). 
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TABLE  I 


Models  for  hydrodynamic  stability  tests 


Model 

Porebody 

warp 

Afterbody 

length 

Afterbody-forebody 
keel  angle 

Step 

form 

To  determine 
effect  of 

degrees 

beams 

degrees 

per  beam 

A 

0 

5 

6 

Porebody 

warp 

B 

4 

5 

6 

C 

8 

5 

6 

D 

0 

4 

6 

Afterbody 

length 

A 

0 

5 

6 

E 

0 

7 

6 

P 

0 

9 

6 

G 

0 

5 

4 

Afterbody 

<u  § 

05  <D 

angle 

A 

0 

5 

6 

<D 

>tx'l 

H 

0 

5 

8 

§o 

•p 

A 

0 

5 

6 

rp 

Tailored 

aj  pL| 

afterbody 

J 

0 

5 

6 

!^>c o 

A 

0 

5 

6 

B 

4 

5 

6 

E 

0 

7 

6 

H 

0 

5 

8 

Interaction 

of 

K 

4 

5 

8 

parameters 

L 

4 

7 

6 

M 

0 

7 

8 

N 

1 

4 

7 

j 

j - 

8 

■ 

\ 

/TABLE  II 


-17- 


table  II 


Model  Hydrodynamic  Data 


Beam  at  step  (b)  0.475' 

Length  of  forebody  (6b)  2.850' 

Length  at  afterbody  (5*0  2.375' 

Angle  between  forebody  and  afterbody  keels  6° 

Forebody  deadrise  at  step  25° 

Forebody  warp  (per  beam)  0° 

Afterbody  deadrise  3 0° 


(decreasing  to  26°  at 
main  step  over  forward 
k-CP/o  of  afterbody  length). 


Pitching  moment  of  inertia 

with  take-off  power 

with  propellers  windmilling 

with  fairings 

with  full  span  slats 


23.25  lb.  ft.  2 
23.  25  lb.  ft. 2 • 
23.  25  lb  ft. 2 
22.90  lb.  ft.  2 


/TABLE  III 
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Mainplane 

Section 
Gross  area 
Span 


TABDE  III 

Model  Aerodynamic  data 


S.M.C. 

Aspect  ratio 

Dihedral  ) 

)  on  30$  spar  axis 
Sweepback  ; 

Wing  Setting  (root  chord  to  hull  datum) 
Tailplane 

Seotion 
Gross  area 
Span 

Total  elevator  area 

Tailplane  setting  (root  chord  to  hull  datum) 

Fin 

Section 
Gross  area 
Height 
Gene ral 

K  C.G.  position 

distance  forward  of  step  point 

distance  above  step  point 

H  1  chord  point  S.M.C. 

distance  forward  of  step  point 

distance  above  step  point 

54  Tail  aim  1  (C.G.  to  hinge  axis) 

54  Height  of  tailplane  root  chord  L.E.  above 
hull  crown 

Thrust  line 

inclination  upwards  from  hull  datum 
distance  from  C.G.  normal  to  thrust  line 

Propeller  diameter 


t 


Got  tingen  43&  (  mod  • ) 

6.85  sq.  ft. 

6.27  ft. 

1.09  ft. 

5.75 
3°  O’ 

4°  0« 

6°  9' 


R.A.F.  3°  (mod.) 
1.33  sq.  ft. 
2.16  ft. 

0.72  sq.  ft. 
2°  0» 

R.A.F.  30 

0.80  sq.  ft. 

1.14  ft. 

0.237  ft. 
0.731  ft. 

0.277  ft. 
1.015  ft. 

3. 1  ft. 
0.72  ft. 


3°  9* 

0.28  ft. 
0.795  ft. 


x 


These  distances  are  measured  either  parallel  to  or  normal  to  the  hull  datum 
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PHOTOGRAPHS  OF  MODEL  A 
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FIG.3 


THRUST  COEFFICIENT  AND  REYNOLDS  NUMBER  V.  VELOCITY  COEFFICIENT 


FIG.4a.(l). 


LIFT  CURVES  WITH  TAKE-OFF  POWER  (I ) 
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FIG.  4  a.(2). 


UFT  CURVES  WITH  TAKE-OFF  POWER  (2) 


FIG.4b 


LIFT  CURVES  WITH  PROPELLERS  WINDMILLINC 
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FIG4c. 


LIFT  CURVES  WITH  FAIRINGS 


FIG.  5  a 
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LONGITUDINAL  STABILITY  WITHOUT  DISTURBANCE  WITH  TAKE-OFF  POWER 


FIG.5b. 


ui 


O 


o 


CD 


r*- 


o 


m 


•9 


ro 


rn 


O 


Q 


MODEL  A 

LONGITUDINAL  STABILITY  WITHOUT  DISTURBANCE  WITH  PROPELLERS  WINDMILLING 
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MODEL  A 

LONGITUDINAL  STABILITY  WITHOUT  DISTURBANCE  WITH  FAIRINGS 
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LONGITUDINAL  STABILITY  WITHOUT  DISTURBANCE  WITH  FULL  SPAN  SLATS 
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MODEL  A 

LONGITUDINAL  STABILITY  WITH  DISTURBANCE  WITH  TAKE-OFF  POWER 


FIG.  6b 
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MODEL  A 

LONGITUDINAL  STABILITY  WITH  DISTURBANCE  WITH  PROPELLERS  WINDMILLING 


FIG.  6c 
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LONGITUDINAL  STABILITY  WITH  DISTURBANCE  (5°  DISTURBANCE  ONLY)  WITH  FAIRINGS 
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MODEL  A 

LONGITUDINAL  STABILITY  WITH  DISTURBANCE  WITH  FULL  SPAN  SLATS 
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COMPARISON  OF  LONGITUDINAL  STABILITY  LIMITS 
ON  A  Cv  BASE,  MODEL  A 
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MODEL  A 

LOAD  COEFFICIENT  CURVES  WITH  TAKE-OFF  POWER 
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MODEL  A 

LOAD  COEFFICIENT  CURVES  WITH  PROPELLERS  WINDMILLING 


FIG.IOc 


MODEL  A 

LOAD  COEFFICIENT  CURVES  WITH  FAIRINGS 


oe 


FIG.IOd. 
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MODEL  A 

LOAD  COEFFICIENT  CURVES  WITH  FULL  SF*N  SLATS 
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PROJECTIONS  OF  SPRAY  ENVELOPES  ON  PLANE  OF  SYMMETRY  OF  MODEL 
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MODEL  A 

WAKE  PHOTOGRAPHS  WITH  PROPELLERS  WINDMILLING 
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ELEVATOR  EFFECTIVENESS  WITH  TAKE-OFF  POWER 
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MODEL  A 

ELEVATOR  EFFECTIVENESS  WITH  FULL  SPAN  SLATS 


FIGS. 15  &  16 
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FIG.  15.  COMPARISON  OF  ELEVATOR  EFFECTIVENESS 
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